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Field Qf the Invention 
The present invention relates to thin film resistance memory device for non- volatile 
memory array, and specifically to a multi-layer electrode for a RRAM memory cell. 

Background o f the Invention 
There is no commercial RRAM device available at this time, however, 
experimental devices, using Pt, Au, Ag, Al, Ti, and TiN electrode have been developed. Pt, Au, 
and Ag electrode devices exhibit good endurance, however, electrodes formed of these materials 
cannot be etched using conventional integrated circuit etching processes. The experimental 
devices are fabricated using shallow mask or chemical mechanical polishing (CMP) processes, 
which are neither suitable nor cost effective for sub-micron, large-scale memory device 
fabrication. Other electrode materials which have been used in experimental devices demonstrate 
poor reliability and poor endurance. Liu et al , Electrical-pulse-induced reversible resistance 
change effect in magnetoresistive films Applied Physics Letters. Vol.76, #19, p.2749-2751; May, 
2000. This invention provides a reliable electrode structure to improve the device reliability, 
endurance, at the same time reducing fabrication cost. 

Summary pf the Invention 
A RRAM memory cell formed on a silicon substrate having a operative junction 
therein and a metal plug formed thereon, includes a first oxidation resistive layer; a first refractory 
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metal layer; a CMR layer; a second refractory metal layer; and a second oxidation resistive layer. 

A method of fabricating a multi-layer electrode RRAM memory cell includes 
preparing a silicon substrate; forming a junction in the substrate taken from the group of junctions 
consisting of N+ junctions and P+ junctions; depositing a metal plug on the junction; depositing a 
first oxidation resistant layer on the metal plug; depositing a first refractory metal layer on the first 
oxidation resistant layer; depositing a CMR layer on the first refractory metal layer; depositing a 
second refractory metal layer on the CMR layer; depositing a second oxidation resistant layer on 
the second refractory metal layer; and completing the RRAM memory cell. 

It is an object of the invention to provide a reliable electrode to improve device 
reliability and device endurance, and which is capable of being produced economically. 

Another object of the invention is to provide a multi-layer electrode which is 
oxidation resistant. 

A further object of the invention is to provide a metal electrode for an RRAM. 

This summary and objectives of the invention are provided to enable quick 
comprehension of the nature of the invention. A more thorough understanding of the invention 
may be obtained by reference to the following detailed description of the preferred embodiment of 
the invention in connection with the drawings. 

Brief Description of the Drawings 

Fig. 1 depicts resistance properties of an RRAM memory cell. 

Fig. 3 depicts the RRAM multi-layer electrode of the invention. 

Fig. 4 is a block diagram of the method of the invention. 
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Detailed Description of t he Preferred E mbodiments 
Experimental data demonstrates that, during programming, the resistivity of RRAM 
material near the cathode is switched to a high resistivity state while that near the anode is 
switched to low resistivity state. The conversion of the resistivity occurs during the instance when 
a narrow voltage pulse is applied to the device, which causes a voltage drop near the cathode. 
There is a clear onset voltage required for the resistivity changes. It is also experimentally found 
that the material needs a certain oxygen contend, as when the oxygen content is too low, there is no 
resistivity change. 

If the electrode of a RRAM memory cell is not oxidation resistive, the electrode 
will be oxidized during the fabrication process temperature treatment, or will be gradually oxidized 
by the current- voltage-generated heat during normal operation. At the same time that electrode 
oxidation occurs, oxygen diffuses from the RRAM material to the electrode, causing an oxygen 
deficit region. Both the oxidized electrode and the oxygen deficit region have high resistance. In 
addition, the oxygen deficit region cannot be changed to the low resistance state by electrical pulse, 
as is illustrated in Fig. 1. The effective voltage applied to the cathode is therefore, given by: 

V = V -77? - — 

EFF r C 1IV r 

Where I is the current flow through the device, R is the series resistance in the 
oxidized electrode and the oxygen deficit region of the memory material, Q DS is the net charge in 
the depletion region and C 0D is the series capacitance of the oxygen deficit region capacitance and 
the oxidized electrode capacitance. The above equation demonstrates that the effective 
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programming voltage may be significantly reduced by the oxidation of the electrode. 

As previously described, a sub-micron size Pt electrode may be formed by 
chemical mechanical polishing (CMP) processes. The disadvantage is cost. CMP requires 
planarization of the wafer surface, formation of an oxide trench, and a CMP process. In addition, 
Pt is not able to block oxygen diffusion, and loss of oxygen and the formation of oxygen deficit 
region still may occur. 

A RRAM electrode must not react with the resistor material. A noble metal 
electrode is preferred. However, most of the noble metals do not block oxygen diffusion. 
Therefore, a multi-layer electrode, as shown in Fig. 2, generally at 10, is required. Fig. 2 depicts a 
substrate 12, having a N+ or P+ junction formed therein, a metal ply 16 extends upwards from 
junction 16 through an oxide layer to a multi-layer electrode RRAM memory cell 18. RRAM 
memory cell 18 includes layers of oxidation resistant material, 20 and 28, refractory metal layers 
22 and 26, and a layer of metal, specifically, in the preferred embodiment, a layer of colossal 
magnetoresistive (CMR) material 24. 

Layers 20, 28 are formed of an oxidation resistance material, such as TiN, TaN, 
TiAlN x , TaAlN x , TaSiN, TiSiN, and RuTiN. The thickness of layers 20, 28, also referred to herein 
as first and second oxidation resistant layers, respectively, is between about 50 nm to 300 nm. 
Layers 20, 28 may be etched using any conventional dry etch process. 

Layers 22, 26 are formed of a refractory metal, such as Pt, Ir, Ir0 2 , Ru, Ru0 2 , Au, 
Ag, Rh, Pd, Ni, and Co. The thickness of layers 22, 26, also referred to herein as first and second 
refractory metal layers, respectively, is between about 3 nm to 50 nm. Because layers 22, 26 are 
very thin, they may be dry etched using a partial sputtering process without excessive degradation 
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of the mask material and re-deposition of the etched material. Although it is preferred to have dual 
metal electrode for both cathode and anode, as is sketched in Fig. 2, a RRAM cell with only one 
dual metal electrode is reliable for certain applications. 

CMR layer 24 may be formed of any CMR material, such as PCMO 
5 (Pr 0 jCa^MnC^), LPCMO, or high-temperature superconductor materials, etc., and may be 
deposited by sputtering, metal organic chemical vapor deposition (MOCVD) or metal oxide 
deposition (MOD), including spin-coating. The CMR layer has a thickness of between about 50 
nm to 300 nm. 

Referring now to Fig. 3, the method of the invention is shown generally at 30, and 
10 includes preparing the substrate, 32, and forming a N+ or P+ junction therein, 34. A metal plug 1 6 
is deposited 36 by sputtering, and may be formed of tungsten or copper. Metal plug 16 is patterned 
and etched, and then surrounded by an oxide layer, which is next deposited about metal plug 16. 

A first oxidation resistant layer is deposited, 38, followed by deposition of a first 
refractory metal layer, 40. The CMR layer is then deposited, 42. A second refractory metal layer 
15 is deposited, 44, followed by deposition of a second oxidation resistant layer, 46. The RRAM 
memory cell may then be completed according to well known techniques, 48. 

Thus, a method of fabrication of a RRAM memory cell electrode has been 
disclosed. It will be appreciated that further variations and modifications thereof may be made 
within the scope of the invention as defined in the appended claims. 
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